In extra dimension theories, where the gauge bosons of the standard model propagate in the bulk of the extra dimensions, there are Kaluza-Klein excitations of the standard model gauge bosons that can couple to the standard model fermions. In this paper we study the effects of the excited Kaluza-Klein modes of the W on single top production at the Tevatron.
been extensively studied in the literature [2] while on the experimental front the D0 [3] and CDF [4] collaborations have already set limits on both the s-channel and t-channel cross sections using data collected during run I of the Fermilab Tevatron, and one expects discovery of these modes at the current run II. Measurement of the production cross section and of single top quarks is also planned at the CERN Large Hadron Collider (LHC) [5] .
The large mass of the top quark, comparable to the electroweak symmetry breaking scale, which makes the top quark sector very sensitive to new physic [6] . effects of new physics in singletop production have been studied extensively [7] . In this talk based on [8] we consider effects that extra dimension theories can produce in single top production at the Tevatron. If in such theories, the gauge fields of the Standard Model(SM) live in the bulk of the extra dimensions then they will have Kaluza-Klein(KK) excitations and the KK excited W will contribute to single top production. To study the physics of the KK excited W we use a model which is based on a simple extension of the SM to 5 dimensions (5D) [9] . However, as discussed above, we do not assume that this model represents all the physics beyond the standard model. The 5D SM is probably a part of a more fundamental underlying theory. The details of this model can be found in Ref. [9] The piece of the effective Lagrangian, obtained after integrating over the fifth dimension, that is relevant to our calculation is given by
with
where m 2 W = g 2 v 2 /2, the weak angle θ is defined by e = g s θ = g ′ c θ , while the currents are
Here ε ψ L takes the value 1(0) for the ψ L living in the boundary(bulk). The mass of the n th excited KK state of the W is given by nM c = n/R where R is the compactification radius. In this work we consider only the n = 1 state. The term L new represents the additional new physics beyond the 5 dimensional standard model the structure of which remains unknown till the full underlying theory is understood. The coupling of KK excited W to the standard model is determined in terms of the The cross section for pp → tbX is given by
Here u(x i ), d(x i ) are the u and the d structure functions, x 1 and x 2 are the parton momentum fractions and the indices i = 1 and i = 2 refer to the proton and the antiproton. The cross section for the process
is given by
and
Here s = x 1 x 2 S is the parton center of mass energy while S is the pp center of mass energy . To calculate the width of the W KK we will assume that it decays only to the standard model particles.
The W KK will then have the same decays as the W boson but in addition it can also decay to a top-bottom pair which is kinematically forbidden for the W boson. The width of the W KK , Γ W KK , is then given by
where Γ W is the width of the W boson and we have neglected the mass of the b quark along with the masses of the lighter quarks and the leptons.
In Fig. 1 , we plot ∆σ/σ versus M W KK , the mass of the first excited KK W state, where ∆σ is the change in the single top production cross section in the presence of W KK and σ is the standard model cross section 2 . We have used the CTEQ [10] structure functions for our calculations and obtain a standard model cross section of 0.30 pb for the process pp → tbX at √ S = 2TeV. We observe from Fig. 1 that the presence of W KK can lower the cross section by as much as 25 % for M W KK ∼ 1TeV The inclusion of the higher KK resonance can than lower the cross section by more than 40%. This has an important implication for the measurement of V tb using the schannel mode at the Tevatron. It was pointed out in Ref[11] that there could be models where the presence of an additional W ( denoted as W ′ ) could lead to a measurement of the cross section for the s-channel pp → tbX smaller than the standard model prediction. This could, as pointed out in Ref [11] , lead one to conclude that V tb < 1 which could then be wrongly interpreted as evidence for the existence of new generation(s) of fermions mixed with the third generation. This work provides a specific example of such a model but the key point is that if V tb were less than unity, one would see a decrease of both the s-channel and the t-channel cross section unlike the KK excited W case whose effect would mainly be on the s-channel process and not so much on the the t-channel process. Furthermore, most realistic models with an extra W ′ do not predict a large decrease in the s-channel cross section [12] . Hence a large decrease of the s-channel cross section without a corresponding decrease in the t-channel cross section would indicate the presence of KK excited W bosons. 
